rom Bramwell 9 reported on a 31-year-old man with bitemporal hemianopia, which evolved to blindness and "progressive hebetude." At autopsy, the patient was discovered to have an aneurysm measuring 3 inches in diameter that "eroded a hole the size of a large egg in the sella turcica." It was not until 1961, however, that the first definitive review on aneurysms mimicking pituitary adenomas was published by White and Ballantine. 66 In their report of 35 cases, they noted that intrasellar aneurysms were frequently mistaken for pituitary tumors, given their propensity to "expand the sella turcica, interrupt the decussating optic fibers, and compress the pituitary gland." They further noted that 1.4% of all intracranial aneurysms project into the sella turcica, a figure that remains consistent with more recent estimates suggesting an intrasellar location in 1%-2% of aneurysms. 5, 27 Since White and Ballantine's review almost 5 decades ago, aneurysms of the parasellar and suprasellar regions have been characterized with substantial anatomical detail and are primarily classified according to their origin from the cavernous, clinoid, or ophthalmic segment of the ICA. 17, 18 Despite this knowledge, the majority of the recent literature regarding intrasellar aneurysms does not thoroughly define these anatomical characteristics and consists primarily of case reports with limited descriptions regarding these critical details.
To further understand the clinical presentation, anatomical origins, growth patterns, and treatment options associated with these lesions, a systematic literature review was performed to identify all reports of cerebral aneurysms with confirmed intrasellar extension on CT or MR imaging in the era of modern cerebrovascular and endovascular neurosurgery. Furthermore, the significance of a concurrent diagnosis of a pituitary adenoma and a sellar-region aneurysm, pathologies that numerous authors have postulated to be causally linked, is discussed. This report is the first comprehensive review on this subject since White and Ballantine's report half a century ago.
Methods
A search of PubMed (National Library of Medicine) was conducted to identify all human studies in the English-language literature pertaining to cerebral aneurysms occurring within or extending into the sella turcica, thus potentially simulating pituitary adenomas or other sellarregion masses. The following search terms were used: aneurysm, intracranial aneurysm, pituitary, intrasellar, sellar, hypopituitarism, and pituitary tumor. Additionally, the reference lists from the articles obtained via our PubMed search were thoroughly reviewed, and all relevant papers found in this fashion were also included. A database of pertinent studies was created to record the following data from each study: patient demographics, clinical presentation (rupture rate, headache, visual symptoms, endocrine function, and neurological function), anatomical characteristics, treatment(s) undertaken, and patient outcomes. Cases of para-and suprasellar aneurysms without intrasellar extension were excluded from the review. Furthermore, pseudoaneurysms of the sellar region occurring following iatrogenic injury during surgery were excluded from the review.
Results

Literature Review
Thirty-one articles reporting 40 cases of aneurysms with extension into the anatomical confines of the bony sella turcica, based on CT or MR imaging, were identified ( Table 1 ). The average patient age was 57 years, with females accounting for 68% of the reported cases. None of the patients had undergone surgery or radiation to the sellar region prior to their presentation.
Anatomy of Intrasellar Aneurysms
The most common artery of origin for intrasellar aneurysms was the ICA, which gave rise to 90% of reported aneurysms, with the remaining 10% originating from the ACoA. Of the 34 cases with published CT/MR imaging and angiography, intrasellar aneurysms could be classified into 3 groups with regard to their pattern of extension into the sella as follows: 1) parasellar aneurysms with medial growth into the sella inferior to the diaphragma sellae ("infradiaphragmatic," 20 patients [59%]); 2) suprasellar aneurysms with extension either through the diaphragmatic aperture or displacing the diaphragm inferiorly into the bony sella ("supradiaphragmatic," 9 patients [26%]); and 3) giant, wide-necked ICA siphon aneurysms with no clear pattern of sellar invasion at the time of presentation ("giant ICA aneurysms," 5 patients [15%]) ( Table 2) .
Infradiaphragmatic intrasellar aneurysms originated primarily from the cavernous segment of the ICA (85% of cases) ( Figs. 1 and 2 ). Furthermore, cavernous segment ICA aneurysms were reported to originate bilaterally in 20% of cases. One infradiaphragmatic clinoid segment ICA aneurysm (5%) was reported. In the remaining 10% of infradiaphragmatic ICA aneurysms, no particular segment of origin was reported or could be clearly identified. Supradiaphragmatic intrasellar aneurysms, on the other hand, arose primarily from the ophthalmic segment of the ICA as superior hypophysial aneurysms (67%) (Fig.  3) , with the remaining 33% arising from the ACoA (Fig.  4) . Finally, giant ICA siphon aneurysms (likely of superior hypophysial origin) accounted for 15% of aneurysm cases with intrasellar extension.
The mean diameter of infradiaphragmatic aneurysms was 14.5 mm (range 5-30 mm), that of supradiaphragmatic aneurysms was 21.8 mm (range 12-30 mm), and that of giant ICA aneurysms was 38.7 mm (range 25-50 mm). Of the 6 patients presenting with acute aneurysmal rupture, 5 had infradiaphragmatic (4 cavernous ICAs and 1 clinoid ICA) aneurysms and 1 had a supradiaphragmatic ACoA aneurysm.
Clinical Presentation of Aneurysms Extending Into the Sella Turcica
Ruptured Intrasellar Aneurysms. A minority of intrasellar aneurysms (6 cases [15%]) were reported to present with acute aneurysm rupture ( Table 3) . Descriptions of the clinical presentation of these patients were provided in 5 cases, of which all had headache. Two patients presented with altered mental status, 3 with visual field cuts or decreased visual acuity, and 4 with CN paresis. In 2 cases of ruptured infradiaphragmatic aneurysms (1 giant cavernous segment ICA and 1 clinoid segment ICA aneurysm), imaging confirmed the presence of SAH, and 1 of these patients presented with hemiparesis.
20,52 One patient presented with occipital headache, low-back pain, nausea, vomiting, and diplopia, and was found to have an acute subdural hematoma in the posterior fossa and spine without evidence of concomitant SAH caused by a ruptured supradiaphragmatic ACoA aneurysm. 23 In 2 cases, rupture of a unilateral cavernous segment ICA aneurysm led to the formation of an intra-and suprasellar hematoma without evidence of SAH or subdural hematoma, 53, 59 and in 1 of these cases the aneurysm was found to be encased within a prolactinoma. 59 The remaining case of aneurysmal rupture was also a cavernous segment ICA aneurysm encased within a prolactinoma, resulting in recurrent, massive fatal epistaxis. 30 
Intrasellar Aneurysms Presenting in Conjunction With
Pituitary Adenomas. Of all reported patients with intrasellar aneurysms, 8 (20%) presented in conjunction with coexistent pituitary adenomas. As described above, in 2 of the 6 cases presenting with aneurysm rupture, prolactinomas were found to encase a ruptured pituitary aneurysm. 30, 59 Additionally, 6 unruptured intrasellar aneurysms, 5 of which were infradiaphragmatic, were diagnosed during the workup of clinical symptoms referable to a functional pituitary adenoma. Three of the patients in these cases presented with symptoms of acromegaly due to GH-secreting adenomas, 28, 55, 56 1 patient presented with galactorrhea caused by a prolactinoma, 67 1 patient experienced longstanding loss of libido and erectile dysfunction caused by a prolactinoma, 58 and 1 patient with a nonfunctional adenoma did not have any longstanding endocrinological symptoms. 12 Two patients presented acutely with clinical and imaging findings consistent with pituitary apoplexy.
12,58
Unruptured Intrasellar Aneurysms not Presenting With Pituitary Tumors. The remaining cases of intrasellar aneurysms (28 cases [70%]) came to clinical attention without evidence of acute aneurysm rupture and did not present in conjunction with a pituitary adenoma, but rather became symptomatic due to mass effect on surrounding structures. In this group, the most common presenting symptoms were visual field cuts/decreased visual acuity, headache, and endocrinopathy (Table 3) .
Visual field deficits or decreased visual acuity were reported in 61% of cases and were much more common in patients with supradiaphragmatic than infradiaphragmatic aneurysms (71% vs 10%, respectively) ( Table 4) . In all 5 cases of giant ICA aneurysms with intrasellar extension, substantial visual field deficits and diminished visual acuity were reported; in 2 of these cases the patients had monocular blindness and contralateral visual field cuts. 33, 57 Subjective diplopia was reported in 14% of patients with unruptured aneurysms.
2,4,45,61 Documented CN paresis was reported in 18% of patients (3 patients each with CN III 45, 51, 61 and CN V 2,39,51 pareses). Headaches were reported in 61% of patients with unruptured intrasellar aneurysms and were commonly localized to the frontal and temporal regions. Headaches were a more common presenting symptom in patients with supradiaphragmatic (86%) than infradiaphragmatic (60%) aneurysms. Two patients with unruptured infradiaphragmatic aneurysms presented with acute headache (fewer than 3 days) associated with nausea and vomiting, possibly representing a sentinel event. 39, 61 Symptoms of endocrine dysfunction were reported in 57% of patients with unruptured intrasellar aneurysms and were more common in patients with infradiaphragmatic aneurysms (60%) than in those with supradiaphragmatic aneurysms (14%). Galactorrhea was reported in the case of a patient with a giant ICA aneurysm who had a prolactin level of 75.5 ng/ml (4%).
24 Clinically significant hyponatremia was reported at presentation in 21% of patients with unruptured intrasellar aneurysms and was more common in patients with infradiaphragmatic aneurysms. Of the 10 patients with infradiaphragmatic intrasellar aneurysms (39%) presenting with hyponatremia, 2 presented with mental status changes, 1 of whom developed grand mal seizures. 43, 49 Of the 28 patients with reported endocrine laboratory values who presented without a concurrent pituitary adenoma, 23 (82%) had laboratory evidence of a pituitary hormone deficiency ( 
Treatment and Outcomes
Since 1990, 18 patients have been reported on in the English-language literature who underwent operative or endovascular intervention for intrasellar aneurysms confirmed by published imaging studies (Table 6 ). Of these patients, 7 were treated with open craniotomy, 7 were treated with endovascular techniques, and 4 with concurrent pituitary adenomas were treated in multiple stages using both surgery and endovascular techniques. Additionally, since 1990, conservative management with hor- mone replacement has been reported in 3 patients.
36,44,51
One study reported medical management of an intrasellar aneurysm after a transsphenoidal biopsy, confirming a thrombosed aneurysm. 24 One patient died of fatal epistaxis prior to any treatment. 30 One patient with bilateral ICA aneurysms was deemed an inappropriate candidate for surgical intervention. 43 Finally, an additional 5 patients refused treatment or were lost to follow-up. 27, 33, 61 Of the 11 patients treated for infradiaphragmatic intrasellar aneurysms, 5 (46%) were treated with endovascular techniques using detachable coils, 37, 52 balloons, 20, 59 or a stent; 39 3 (27%) were treated with open surgical ligation; 4,53,67 and 3 (27%) were treated in multiple stages utilizing both endovascular and surgical techniques. 12, 55, 58 Of the 7 patients treated for supradiaphragmatic intrasellar aneurysms, 4 (57%) were treated with open surgical ligation, 33,34,46 2 (29%) were treated with endovascular techniques using coils, 23,48 and 1 (14%) was treated in multiple stages utilizing both endovascular and surgical techniques. 56 There were no reports of definitive surgical or endovascular treatment for giant, wide-necked ICA siphon aneurysms without a clear pattern of sellar invasion.
Nonelective treatment of ruptured intrasellar aneurysms in 5 patients was reported, of whom 3 underwent endovascular coiling with good neurological outcomes, 23,37,48,52 In 1 patient, the ICA was occluded using coils from the distal portion to the proximal portion of the aneurysm neck, and an additional latex balloon was detached more proximally. 59 Another patient underwent proximal balloon occlusion for a thrombosed intracavernous ICA aneurysm. 20 One patient underwent stenting of an infradiaphragmatic right cavernous segment ICA aneurysm resulting in complete resolution of preprocedural headaches, nausea/vom- iting, and vertigo, but developed adrenal insufficiency following the procedure. 39 No other complications or worsening of preoperative neurological or endocrinological conditions were noted in patients undergoing endovascular treatment. Improvements in headache and CN paresis were reported in 2 patients after endovascular treatment. 48, 59 In 2 patients, 20, 37 no angiographic images were presented, and in 3 patients only 1 plane was presented. 39, 48, 52 Immediate posttreatment angiographic results were presented for only 2 cases.
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Surgical Management of Intrasellar Aneurysms. Of the 7 patients undergoing open craniotomy, 5 were treated with aneurysm clip ligation alone (2 infradiaphragmatic and 3 supradiaphragmatic aneurysms). 33, 34, 67 One patient was treated with proximal ICA occlusion and extracranial-intracranial bypass (superficial temporal arterymiddle cerebral artery). 4 In 1 patient, coating material was applied after unsuccessful exposure of the dome of a large, partially thrombosed supradiaphragmatic ACoA aneurysm. 46 Although vision and CN paresis have been reported to improve after surgery for these aneurysms, 4 improvement of hypopituitarism has not been reported. 27 Multistage Management of Intrasellar Aneurysms. Four patients with concurrent pituitary adenomas were treated in multiple stages utilizing endovascular and surgical techniques. 12, 55, 56, 58 One patient with an infradiaphragmatic right cavernous ICA aneurysm, in conjunction with a hemorrhagic nonfunctional adenoma, underwent proximal ICA occlusion with endovascular coils prior to undergoing a right frontotemporal craniotomy for clipping of the right ICA just proximal the posterior communicating artery origin as well as evacuation of the hemorrhagic adenoma the following day. 12 Another patient with an infradiaphragmatic right cavernous ICA aneurysm, in conjunction with a macroprolactinoma, underwent a transnasal biopsy to confirm the histology of the mass prior to proximal ICA occlusion with detachable endovascular balloons. The biopsy in this case was deemed necessary to guide management as the patient had a history of non-Hodgkin lymphoma 4 years prior. 58 Finally, 2 patients with intrasellar aneurysms (1 infradiaphragmatic and 1 supradiaphragmatic) presented in conjunction with GH-secreting adenomas and had their aneurysms treated first (one via endovascular coiling 55 and the other with open surgical clipping of the ICA proximal to the aneurysm after an endovascular balloon occlusion test). 56 Both patients later underwent transsphenoidal resection of their adenomas at 1 and 8 months after their aneurysms had been treated.
55,56
Discussion
A systematic review of the literature in the CT and MR imaging era revealed 40 cases of cerebral aneurysms with confirmed intrasellar extension. The majority of patients were identified in case reports, often with limited information regarding the anatomical origins of these aneurysms. As such, the definition and classification of "intrasellar" aneurysms has, in the past, remained quite limited. The purpose of this study was to further elucidate the clinical and anatomical characteristics of this poorly defined and heterogeneous group of aneurysms. One limitation of the current review is that it relies heavily on case reports in literature, which may be biased toward the reporting of particularly unusual cases. Nevertheless, we believe that the collective clinical experience presented in this review provides the only available framework for refining the discourse on intrasellar aneurysms, given their relative infrequency in becoming symptomatic.
Based on our review of the literature, we identified the following 2 primary growth patterns by which aneurysms extend into the sella: 1) medially through the cavernous sinus dura and under the diaphragma sellae (infradiaphragmatic), and 2) inferomedially from above the diaphragma sellae (supradiaphragmatic). 17, 18 While giant ICA siphon aneurysms with intrasellar extension represented 15% of the intrasellar aneurysms in this review, we have chosen to refrain from designating them as a distinct subtype of intrasellar aneurysms because we believe that they represent aneurysms of the supradiaphragmatic subtype that were discovered later in their natural history. Furthermore, the extent to which these giant aneurysms disturb the normal anatomy of the sellar region precludes the authors from classifying their mechanism of invasion into the sella with certainty. It should also be noted that most of the earlier cases reported in this review were classified without awareness of the "clinoid segment," an anatomically distinct region of the terminal portion of the intracavernous carotid artery. As a result, the majority of infradiaphragmatic aneurysms in this review have been classified as "cavernous segment" ICA aneurysms in the literature. The clinoid segment resides just beyond the anterior genu, where the intracavernous carotid artery ascends beneath and just medial to the anterior clinoid process before passing through the dural ring to enter the subarachnoid space. This curvature places a hemodynamic vector on the medial surface of the carotid artery aimed toward the contents of the sella. Aneurysms in this region presumably arise in association with small branches that supply the parasellar dura or pituitary gland. Termed "medial variant clinoid segment aneurysms," these lesions expand in the confines of the sella normally occupied by the pituitary gland, and with sufficient enlargement, compete with the limited space available, cause compression of the gland and resultant hypopituitarism. On rare occasions these lesions can rupture into the pituitary fossa, creating a clinical picture similar to pituitary apoplexy. In our opinion, most, if not all, infradiaphragmatic intrasellar aneurysms actually originate from the clinoid segment, extending into the sella turcica through the thin medial cavernous sinus wall (Fig. 5) . As these lesions grow, they cause superior bowing of the diaphragma sellae and direct compression of the pituitary gland, and hypopituitarism in a fashion similar to pituitary adenomas. These aneurysms tend to be smaller at the time of presentation (mean diameter 14.5 mm), because extensive growth is greatly limited by the dural and bony confines of the sella turcica. Compared with supradiaphragmatic aneurysms, they are more likely to present with endocrinopathy (60% vs 14%). Overall, the most commonly detected endocrinopathies associated with sellar aneurysms were hyperprolactinemia (90%), gonadotropin deficiency (82%), ACTH deficiency (70%), and TSH deficiency (60%), corroborating the findings reported by Fernández-Real et al., 20 who noted that the gonadal axis was most frequently affected (68% of cases), followed by the pituitary-adrenal axis (49%) and the pituitary-thyroid axis (41%). When compared with patient series of nonfunctioning pituitary macroadenomas, intrasellar aneurysms may result in comparable dysfunction in pituitary hormone production. 7, 11, 13, 19, 25, 68 Supradiaphragmatic intrasellar aneurysms are typically large or giant superior hypophysial aneurysms that grow into the suprasellar space. Because the dural ring slants from lateral to medial (higher laterally), a small diverticulum of CSF is evident medially, termed the carotid cave, from which the most proximal superior hypophysial arteries originate. Growing aneurysms expand within this parasellar space and then secondarily extend above the diaphragma sellae into the suprasellar space. With enlargement, they depress the diaphragma sellae into the pituitary fossa but do not generally erode through this membrane to contact the actual pituitary gland itself (Fig. 6) .
Occasionally, large inferiorly projecting ACoA aneurysms can extend anteriorly and inferiorly into the sella, usually in association with long optic nerves and postfixed chiasms, an anatomical situation that allows the aneurysm to reach the sella by displacing the diaphragma sellae downward. Both the ICA and anterior cerebral artery entities typically reach very large or giant proportions before extending downward into the sella (mean diameter 21.8 mm). Expanding in the suprasellar space, they are much more likely to present with visual field cuts/decreased visual acuity than are infradiaphragmatic aneurysms (71% vs 10%).
2,33-35
Surgical Management of Aneurysms With Intrasellar Extension
Most aneurysms of the cavernous segment of the ICA are typically bound within the walls of the cavernous sinus. They are extradural and therefore carry little or no risk of SAH. Rupture of these aneurysms, however, may result in potentially fatal epistaxis or a cavernouscarotid fistula. Only rarely do large intracavernous clinoid segment aneurysms with medial and superior projection expand to and through the diaphragma sellae, into the suprasellar space. While their neck remains below the dura, expansion can result in the possibility of SAH from aneurysm rupture, as was reported in the 2 cases we reviewed. 20, 52 The neck of these aneurysms is typically quite narrow, and with radical anterior clinoid process removal, they can usually be cured with fenestrated clips after the dural ring is widely opened. Most surgeons, however, would opt to treat these aneurysms endovascularly (see below).
In our series, the majority of "supradiaphragmatic" aneurysms were large or giant superior hypophysial aneurysms, and the remaining aneurysms were inferiorly projecting ACoA aneurysms. Superior hypophysial aneurysms are a subset of ophthalmic segment aneurysms that arise from the ventromedial wall of the ICA just after it becomes intradural. This site is a common location for aneurysms to form, particularly in women. 6 Superior hypophysial aneurysms may reach large sizes without rupturing, and giant aneurysms occur more frequently at this site than any other. Both superior hypophysial aneurysms and inferiorly projecting ACoA aneurysms frequently im- pinge on the anterior visual system and can be readily decompressed via surgical clipping and possibly perforation or resection of the aneurysm dome. Visual improvement has been reported in 74% of patients who undergo surgical clipping of large ophthalmic segment aneurysms. 17 By contrast, a minority of patients experience an improvement in visual status following coil embolization, and an equal number may develop visual deterioration following endovascular treatment. 26 Surgical treatment of large or giant superior hypophysial aneurysms typically requires exposure of the cervical ICA as a means of obtaining proximal vascular control. The pterional approach is typically augmented with an anterior clinoidectomy and with unroofing of the optic canal, after which the falciform ligament and proximal optic sheath may be divided to decompress the optic nerve and facilitate exposure of the proximal aneurysm neck and branch arteries. Temporary trapping of the aneurysm, along with suction decompression, typically deflates the aneurysm sufficiently to allow reconstruction of the ICA, usually with a series of fenestrated clips. Care must be taken to preserve the superior falciform ligament and posterior communicating arteries, which may be adherent to the large aneurysm dome.
Endovascular Management of Aneurysms With Intrasellar Extension
The field of endovascular neurosurgery is constantly evolving with new catheter technology, occlusion devices, and novel techniques. Despite advances in noninvasive diagnostic neuroimaging, catheter-based cerebral angiography remains the gold standard for the evaluation of patients with cerebrovascular disease and is the foundation for successful endovascular intervention.
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When combined with advanced rotational 3D imaging and cross-sectional data including CT angiography and/ or MR angiography, the neck location, configuration, and size of these complex aneurysms with intrasellar extension can be defined and management plans for aneurysm occlusion can be sought out. Because these aneurysms represent a heterogeneous group with regard to origin, size, and morphology, a variety of techniques would be required to address those amenable to endovascular treatment. According to the literature, although direct coil embolization has been reported for some aneurysms with intrasellar extension, no studies to date have reported more advanced endovascular techniques, such as balloon or stent-assisted coiling, or flow-diversion devices, specifically for intrasellar aneurysms. One example of an adjunctive strategy that has emerged over the past decade is temporary balloon inflation during coil embolization, which helps to prevent coil herniation into the parent artery and to achieve a more stable and higher packing density within these lesions. Stent-assisted techniques are another relatively new means of safely embolizing wide-necked or complex aneurysms in the parasellar/suprasellar region that could potentially be used for intrasellar aneurysms. Whereas straightforward coiling might be feasible in narrow-necked aneurysms, stent-assisted coiling or telescoping flow-diversion stents may be more useful for wide-necked aneurysms. Self-expanding opencell stent designs allow navigation and stent deployment in the often-tortuous carotid siphon. The Pipeline Embolization Device (Chestnut Medical Technologies, Inc.) is a braided, tubular microstent that creates significant flow diversion along aneurysm necks while preserving the patency of small adjacent perforating arteries. The Pipeline Embolization Device targets definitive anatomical reconstruction of the parent artery, thereby excluding the aneurysm from the vasculature. Earlier this year, this device received approval for limited use by the FDA. 21, 40 Detachable balloons like the ones used by Fernández-Real et al. 20 and Suzuki et al. 59 are also feasible treatment options for these aneurysms, yet are not currently available in the US. In rare cases, parent artery coil occlusion may be used as a backup treatment option after successful balloon test occlusion. In cases of failed balloon test occlusion, Hunterian ligation in association with a bypass procedure is an alternative treatment option.
Association Between Sellar Aneurysms and Pituitary Adenomas
In 1912, Dr. Harvey Cushing was the first to suggest a possible association between intrasellar aneurysms and hypophysial neoplasms. 16 This association has been supported by numerous subsequent reports. 1, 3, 12, 22, 30, 31, 38, 55, 56, 58, 59, [65] [66] [67] In Dr. Cushing's report, a 31-year-old blacksmith presented with headaches and visual loss over a period of 4 years, and then died suddenly with clinical features suspicious for SAH. On autopsy, he was found to have an intrasellar and suprasellar ICA aneurysm measuring 1.5 cm in diameter in conjunction with a chromophobe pituitary adenoma that was "the size of a pigeon's egg." In his discussion, Dr. Cushing remarked that given the rarity of each entity, it would be unlikely that both the aneurysm and adenoma arose by mere coincidence. Rather, he hypothesized that the expanding adenoma may have caused the walls of the ICA "to be weakened and absorbed by pressure," thus predisposing the artery to aneurysm formation.
Two large case series published in the late 1970s supported the hypothesized association between aneurysms and pituitary adenomas. These studies reported that between 6% and 8% of patients with sellar tumors harbored an intracranial aneurysm. 31, 64 Based on estimates of aneurysm prevalence in the general population of 0.56%-0.64% at the time, both groups concluded that the incidence of intracranial aneurysms was considerably higher in patients with pituitary adenomas than in the general population. 29, 63 These early estimates of aneurysm prevalence in the general population, however, were based primarily on autopsy studies and were thus considerably lower than current angiography-based estimates, which have reported a prevalence of incidental aneurysms in up to 6.5% of the population. 47 A more recent retrospective study of 467 patients with pituitary adenomas undergoing preoperative cerebral angiography demonstrated that 5.4% had a coexisting intracranial aneurysm, commensurate with current estimates of aneurysm prevalence in the general population.
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In the debate regarding the possible association between pituitary adenomas and sellar-region aneurysms, GH-secreting adenomas have been particularly implicated. 3, 22, 31, 42, 56, 65 Our review of the literature revealed 3 cases of intrasellar aneurysms presenting in association with GH-secreting adenomas. 28, 55, 56 It has been suggested that these tumors induce systemic and local vascular changes that may promote arteriectasia and aneurysm formation.
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While it would appear that the frequency of aneurysm occurrence in the context of GH-secreting adenomas is "greater than would be expected by chance alone,"
65 it must be noted that in many reported cases of intra-and parasellar aneurysms, prior surgery or irradiation to the sellar region for adenoma treatment significantly confounds assertions of causation. 10, 22, 54, 65 Although the possible association between intrasellar aneurysms and pituitary adenomas remains somewhat obscure, neurosurgeons must be mindful that these lesions may coexist, resulting in potentially serious surgical complications. 32, 59, 62, 66 The presence of an aneurysm, possibly complicated by tumor invasion, makes surgery extremely hazardous and requires a cogent management strategy. Treatment options include 1-stage craniotomy with tumor resection and aneurysm clipping or 2-staged procedures such as transsphenoidal microsurgery after coil embolization of the aneurysm. 55 The nature and acuity of clinical presentation (pituitary apoplexy or SAH) will be guiding factors in this decision-making process.
Conclusions
Aneurysms with intrasellar extension often masquerade as pituitary tumors and should always be considered in the differential diagnosis of sellar lesions. In the past, these entities have been limited primarily to case reports with poorly defined anatomical origins and growth patterns. Intrasellar aneurysms typically present due to mass effect on surrounding structures, often with visual loss, headache, and hypopituitarism, but may rarely present in conjunction with a pituitary adenoma or with aneurysm rupture. These aneurysms may be classified as infradiaphragmatic or supradiaphragmatic, based on their pattern of invasion into the sella and relationship to the diaphragma sellae. Infradiaphragmatic intrasellar aneurysms typically originate from the cavernous or clinoid segment of the ICA, project medially into the sella through the cavernous sinus dura, tend to be smaller, and are more likely to cause hypopituitarism and CN paresis. Supradiaphragmatic intrasellar aneurysms typically originate from the ophthalmic segment of the ICA or the ACoA, are usually larger, and typically present with visual loss. Cavernous segment ICA aneurysms that become intrasellar carry some risk of SAH and are usually best treated with endovascular techniques. Supradiaphragmatic aneurysms that cause mass effect on the visual system are likely to be preferentially treated via surgical clipping.
